Fish skin is a byproduct part and can be converted into value added product like gelatin. The objective of this research was to produce gelatin from two fresh-water fish skins i.e. Nile tilapia (Oreochromis niloticus) and Nile perch (Lates niloticus) and determine the physicochemical characteristics of the obtained gelatin. The physicochemical properties, free amino acids, protein content, pH, viscosity, colour, melting point, clarity, water holing capacity (WHC) and fat binding capacity (FBC), were studied and compared to the commercial bovine gelatin. Nile perch gelatin presented (87.24%) protein content which was resembles to bovine gelatin (88.18%). The viscosity (6.02 cP) of Nile tilapia extracted gelatin was also comparable to the bovine gelatin (6.77 cp). Results showed that the lightness of Nile tilapia gelatin (37.07) was greater than that of bovine gelatin (31.75). Regarding to the WHC, of Nile perch gelatin was higher by 3-fold (687.97%) than bovine gelatin (225.17%). While the Nile tilapia presented 1.4-fold (637.18%) higher than that found in bovine gelatin. Based on obtained results, it could be recomended that fish gelatin could be considered an excellent alternative to mammalian gelatin because of its functional properties similarity with commercial bovine gelatin.
INTRODUCTION
Annually, more than 100 million tons of fish are being harvested worldwide. The waste from fish processing is as large as 70-85% of the catch and as much as 30% of waste is in the form of high-collagen bones and skins (Shahidi, 1994) . Egypt has the greatest number of fish farms in Africa with 4 out of every 5 fish farms in Africa located in Egypt (Shaheen, 2013) . Fish production in Egypt contributes about 70.5% of the total fish production on the African continent Sadek (2011), Kleih et al. (2013) and Samy-Kamal (2015) . This waste is an outstanding raw material for the preparing of elevated protein foods and gelatin in particular. Converting waste into value-added products to generate additional revenue has economic and waste management benefits for the fisheries sector (Choi and Regenstein, 2000) . With a constantly rising worldwide demand for gelatin, many prospective sources to tackle this increasing need are being sought. Global gelatin manufacturing reached approximately 375000 -400 000 tons a year in 2016 (FAO, 2016). Most gelatins are from pork skins, bones of pork and bovine animals, or hides of divided cattle. Most of these are obtained from pig, beef, bone and other sources, contributing 46%, 29.4%, 23.1% and 1.5%, respectively (NHPID, 2013) . Due to the fact that half of the manufacturing is produced by porcine, the Halal or Kosher industry is a major concern. Also, the incidence of spongiform encephalopathy (BSE) or "crazy cow's illness" and religious reasons are necessary for bovine gelatin. Therefore, the production of fish gelatin is growing as an alternative for the mammalian counterpart (Gudmundsson, 2002) . from mammalian gelatin and differ between fish species (Karim and Bhat, 2009 ). Gelatin qualities are dependent upon their physicochemical characteristics which are heavily affected by their species or tissue and the severity of the manufacturing process as well. The functional characteristics of gelatin such as gel strength, viscosity, adjustment and melting point rely on composition their molecular weight and amino acid compounds (Johnston-Banks, 1990). Fish gelatin have low gelling and melting temperatures and also lower gel strength compared to mammalian gelatin due to its low content of amino acids proline and hydroxyproline (Norland, 1990) .
The aims of the research was to extract gelatin and to assess the physicochemical properties and comparison between the commercial bovine gelatin and two fresh water Nile tilapia (Oreochromis niloticus) and Nile perch (Lates niloticus) skins.
MATERIALS AND METHODS
Freshly generated fish wastes skins of two cultured fresh water fish, Nile tilapia (Oreochromis niloticus) and Nile perch (Lates niloticus) were purchased from Alobour city market, Egypt and were transported submerged in equal volume of ice to the laboratory and stored at -20ºC until further use. Halal Bovine gelatin was purchased from local market in Zagazig, Egypt. Chemicals were obtained from Elgomhoria Company, Zagazig.
Extraction of Gelatin from Fish Skin
The skin of fish was taken out from the freezer and allowed to melt, skin was descaled with hand knife and weighed. Gelatin was extracted according the method of ( Ockerman and Hansen ,2000) . After descaling, the skin was washed using tap water for 1 hour and then soaked at room temperature (25±1 º C) in 0.4% (W/V) NaOH aqueous 1:8 (W/V) ratio for 4 hr (25±1 • C). The skin was washed again with running tap water for 1 hour and subsequently soaked with 0.4% (V/V) aqueous HCl solution for another 4 hr in the same ratio at room temperature .With running tap water, the skin washed again to pH neutral (pH7). At last, skin/water proportion 1:2 (W/V) was obtained with distilled water for 1.5 hr at 70ºC. Two layers of cheese cloth were used for filtered and the sample was evaporated at 70ºC to remove 70% of water. The filtrate has been dried in a hot-air oven for 18 hr at 50ºC.The resulting gelatin was stored in a desiccator for further use.
Determination of Yield
Yield of gelatin extracts produced from each fish sample was determined according to (AOAC, 2000) using the following equation:
Weight of gelatin Yield (%) = ×100 Weight of skin
Detremination of Chemical Properties and pH of Gelatin
Chemical composition (moisture, ash, protein and fat content) was carried out according to (AOAC, 2012). The pH values of gelatin from fish skin solutions were measured as described by (Vareltzis et al., 1997) using 1% (W/V) solution of gelatin prepared in distilled water at 60°C, cooled to room temperature and the pH was measured using pH meter (model 646 Digital, USA) in Food Safety Laboratory, Faculty of Agriculture, Zagazig University, Egypt.
Detremination of Physical Properties of Gelatin

Colour measurmant
Colour of gelatin gels were measured based on the method described by Jamilah et al. (2011) using a Hunter Lab (colour Flex EZ Spectrophotometer, USA) in Food Safety Laboratory, Faculty of Agriculture, Zagazig University. Samples were read three times and reported as L*, a* and b* parameters indicating lightness, redness/greenness and yellowness/ blueness, respectively.
Viscosity
Viscosity was determined using Brookfield Digital Viscometer (Model DV-1+ viscometer, LV Version 4,1, USA) in Food Safety Laboratory, Faculty of Agriculture, Zagazig University equipped with a No.1 spindle at 30 ± 0.5°C according to Cho et al. (2006) .
Water holding capacity and fat binding capacity
Water holding capacity (WHC) and fat binding capacity (FBC) were measured as the method described by Cho et al. (2004) .
Clarity
Gelatin (about 7.50 g ± 0.01) was weighed into a 150 ml bottle and 105 ml (±0.2) water was added. The absorbance at 620 nm was measured at room temperature. Against deionized water (ISO, 1999) by spectrophotometer model (Jenway 6705, UK), in Food Safety Laboratory, Faculty of Agriculture, Zagazig University.
Foaming properties
Foam formation ability and foam stability of gelatin were determined by the procedure of (Cho et al., 2004).
Melting point
Melting point was determined according to the method described by Wainewright (1977). 
Setting point and setting time
Determination of Amino Acid Composition
Amino acids were determined according to the methods described by Moore (1958). Sample of 20-25mg was placed in glass hydrolysis tube containing 10 ml of 6N HCL with 0.1% mercaptoethanol. The tube was sealed and heated in an oven at 110ᵒC for 24 hr. The hydrolyzed sample was then cooled to room temperature and filtered through Whatman No 1 filter paper. The tube and precipitate on the paper was washed with distilled water and the filtrates were then completed to 25 ml in a volumetric flask. Five ml of the filtrate were transferred to a 25 ml beaker and placed under vacuum in a desiccators over potassium hydroxide. The resulted dried residue was dissolved in one ml of sodium citrate buffer of pH 2.2 and stored at 4ᵒC until analyzed by Beckman Amino Acid Analyzer Model 119.
RESULTS AND DISCUSSION
The yield of the fish skin gelatin obtained from the Nile tilapia and Nile perch were 3.80% and 8.65%, respectively. Gómez-Guillén and Montero (2001) reported that the different marine species has different structural and physical properties of gelatin which affects on the yield. While, a study by Jamilah and Harvinder (2002) and Tabarestani et al. (2010) suggested that the wide diversity among the fish species present intrinsic differences in the collagen molecules present in their skin. Moreover, the lower susceptibility of the collagenous material from fish skin to degradation is due to the lower content in intraand inter-chain non-reducible crosslinks. Karim and Bhat (2009) reported that the yield and quality of gelatin are influenced by the species and age of the fish, extraction process and pretreatment temperature. Table 1 shows the chemical composition of extracted gelatin from two different fresh water fish skins and comparison with bovine gelatin. The protein content of the starting raw material represents the maximum possible yield of gelatin that can be expected. Protein content of Nile tilapia was 83.69% and Nile perch 87.24%. All investigated samples were significantly lower in protein content than that of commercial gelatin 88.18%. Ash content of gelatin from Nile tilapia was 0.26% and Nile perch 0.15% and they were also lower than that of commercial gelatin 0.82%. The high ash content in bovine gelatin was due to high quantity of minerals in the skins . Benjakul et al. (2009) stated that high quality gelatin should contain no more than 0.5% ash. Moisture content showed that gelatin from Nile tilapia 8.26% and Nile perch 8.13%. These values were lower than that found in commercial gelatin 8.52%. Lipid content in Nile perch showed the highest value by 1.24% while, the Nile tilapia and commercial gelatin had showed low content of lipid valued 0.55% and 0.21%, respectively. The pH of the extracted fish gelatin is given in Table 1 . Nile perch gelatin shows significantly higher value (4.07) than that of Nile tilapia (3.99). The values of pH for gelatin samples were compared with bovine gelatin (6.24).The difference in values may be due to the pretreatment method employed during the extraction process which involves both alkali and acid treatments. Functional properties of gelatin viz., gel strength and melting point are dependent on pH. (Choi and Regenstein, 2000) observed that the gel strength of the fish and pork gelatin decreased markedly below pH 4 and slightly above pH 8. For the melting point also similar dependencies were observed in relation to pH.
Chemical Composition
Colour Parameters of Gelatin
The gelatin obtained from the different species of fresh water fish is given in Table 2 . The L*value of gelatin obtained from Nile tilapia skin was 37.07 and Nile perch 35.11 which were higher compared to the commercial gelatin 31.35. However, a* value of Nile tilapia gelatin was -1.25 and Nile perch was -0.36 and b* value of Nile tilapia gelatin was 7.97 and Nile perch 8.31. The*a and b* of commercial gelatin were higher than those of fresh water fish gelatin recording 1.56 and 9.31, respectively. Ockerman and Hansen (1999) noted that the appearances of gelatin from striped snakehead visually are close to that of commercial one whereas Nile perch and Nile tilapia gelatin are similar to pig gelatin. The colour of the gelatin depends on the raw material. However, it does not influence other functional properties. The lighter colour of gelatin may have more commercial satisfaction.
Viscosity
Viscosity is the second most important property of gelatin. Table 3 shows the viscosity of the two fish species of fresh water fish compared to commercial bovine gelatin. The viscosity obtained from Nile tilapia and Nile perch were 6.02 cP and 5.96 cP, respectively These values were significantly lower than that of commercial gelatin 6.77cP. (Schrieber and Gareis, 2007) noted that the viscosity increases with increasing gelling temperature, melting temperature, melting point and gel strength. The results here indicated that high viscosity gelatin can be prepared from Nile tilapia and Nile perch. et al. (2002) reported that high temperature extraction can result in higher molecular weight aggregates which will increase the turbidity of the gel and affect the clarity. Clarity is important in commercial applications and this property is frequently assessed for determining the quality of gels.
Clarity (%)
Water holding capacity (WHC) and fat binding capacity (FBC)
Water holding capacity of Nile tilapia (637.18%) and Nile perch (687.97%) and bovine gelatin (225.17%) is given in Table 4 . Waterholding capacity is affected by the amount of hydrophilic amino acids like proline. In the present study the highest water holding capacity (687.97%) was observed for Nile perch gelatin, this may be due to significantly higher percentage of proline (33.6%) in Nile perch gelatin as compared to Nile tilapia (15.1%) and bovine gelatin (12.66%). Fat binding capacity, it can be observed in Table 4 that Nile tilapia gelatin exhibited the highest value (470.34%) and was significantly differe from both Nile perch (363.02%) and bovine gelatin (342.12%). Fat binding capacity depends on the degree of exposure of the hydrophobic residues inside the gelatin. The high value of fat binding capacity of Nile tilapia skin (470.34%) gelatin may be due to the highest percentage of hydrophobic residue tyrosine (Cho et al., 2004) . Water-holding and fat-binding capacities are functional properties that are closely related to texture by the interaction between water, oil and other components (Cho et al., 2004) .
Foaming Formation and Foam Stability
Foam formation is an important functional property of gelatin for commonly used foods such as marshmallows. The foaming formation (ability FFA) and foam stability (FS) of Nile tilapia, Nile perch and bovine gelatin are given in Table 4 . Results showed that there is no significant differences between both fish gelatin Nile tilapia (2.45%) and Nile perch in respect to foam ability (the ratio of foam volume/liquid volume). Foam ability of both gelatins of fish species Nile tilapia (2.27%) and Nile perch (2.45%), under study showed low significant differences compared with bovine gelatin (2.75%). Foam stability (the ratio of the initial volume of foam/final volume after 30 min) was significantly higher for Nile tilapia (2.04%) than for Nile perch (1.90%) and bovine gelatin (1.70%). The hydrophobic areas on the peptide chain are responsible for giving gelatin its emulsifying and foaming properties (Galazka et al., 1999; Cole, 2000) . The reduced foam formation and stability may be due to aggregation of proteins which interfere with interactions between the protein and water needed for foam formation (Cho et al., 2004) . Table 5 shows the melting point of gelatin obtained from Nile tilapia (28.47ºC). It was significantly higher than that of Nile perch (21.4ºC). The Nile perch was significantly lower in melting point than that of commercial gelatin (29.87ºC) but Nile tilipa was near similar with bovine gelatin. (Gudmundsson, 2002) observed that gelatin with high melting temperature formed stronger gels. 
Melting Temperature
Setting temperature and setting time
Results of setting temperature in Table 5 indicate that bovine gelatin exhibited significantly higher setting temperature (22.94°C) than Nile tilapia gelatin (17. 12ºC) and Nile perch skin gelatin (19.90 ºC). The gel setting time was significantly faster in bovine gelatin (63.96 second) compared to Nile tilapia (403.19 second) and Nile perch skin gelatin (406.90 second) with no significant differences between them. Setting gel temperature denotes the gelling process which involves the transition from random coil to triple helical structure of gelatin. Setting temperature of gelatin has also been found to correlate with the amino acid content which is 24% for bovine and 16-18% for most fish. (Leuenberger, 1991) suggested that gelling and melting temperatures are also influenced by the change in ionic strength. This suggests that the junction zones and the gel network may be stabilized by both hydrogen bonds and electrostatic bonding (Haug et al., 2004) .
Amino Acid Composition
The amino acid composition of the gelatin obtained from Nile tilapia and Nile perch is given in Table 6 . Nile perch skin gelatin contained significant quantities of proline and alanine acids which constitute 33.6% and 13.4%, respectively but Nile tilapia skin gelatin contained low quantities of proline and alanine which constitute 15.1% and 2.7%, respectively. High content of amino acids improves the rheological properties of gelatin as it is involved in the formation of triple helical regions that immobilize water (Christopher, 1993). (Lehninger et al., 1993) suggested the stability of the collagens and gelatin is also proportional to the glycine content apart from the total amino acid content. The amino acid compositions play a main role in the physical properties of gelatin.
Conclusion
The results showed that the gelatin returns of Nile tilapia (Oreochromis niloticus) and Nile perch (Lates niloticus) skin were comparatively better compared to that of many other fish species. Nile perch skin gelatin had higher amino acid content, foam ability, higher setting point and WHC than Nile tilapia skin gelatin and was similar to the gelatin derived from mammalian sources. Moreover, gelatin from the skin of Nile tilapia and Nile perch exhibited high viscosity values. In this research Nile tilapia and Nile perch are more comparable to bovine gelatin otherwise the gelling and melting temperatures and other functional characteristics noted for gelatin from their skin. 
